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ROTATING DISCONTINUITIES IN THE SOLAR WIND

by

K. G. I:vanov

Conditions for rotating discontinuities in plasma
with anisotropic pressure are studied on the basis of the
most simple closed system of hydrodynamic equations for
rarified plasma. It was ascertained that for anisotropic
rotating discontinuities, differing from isotropic ones, in-
termittent changes in the module of' the magnetic field H
are possible, and tangential components of H on the
front, are always colinear. Through analysis of simultaneous
plasma and magnetic data, it was shown that IO0 out of 11
"large discontinuities of velocity" observed by "Explorer-
34" in 1.967 may be considered rotating discontinuities
and not of the tangential type since the specific conditions
for rotating discontinuities Hn. {vtl = {Ht) vn , connecting
jumps in the tangent.ial components of solar wind flux
velocity with. the interplanetary magnetic field are satis--
fied in them.

Analyses [L.-3]' of' sounding observations on solar wind discontinuities

were conducted in proximity to a magnet through hydrodynamics with isotropic

pressure:. Aside from this,, the anisotropia. of proton. and electron temperatures

was discovered' [4-61 'in a number of cosmic experiments.. In light of thes:e:

experiments, it is clear that the stricter approach to interpretation of solar

·wind discontinuity observations is an approach based on results of anisotropic.

magnetohydrodynamics. The; first[ step in this' dire:ction was attai'nment- in [71 of-

conditions. for strong anisotropic discontinuiti:es. Y. itten in a coordinate 

system in which the front. of' the discontinuity is s-tabilized., these conditions

have the following appearance:-
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(H)} = 0, {,O,,) = 0,

(Pvn 2 + PL + t, 2/8n + ,I, 2 I/4n} = 0,

{PVnvt - (I - 2v)HHt/4n }- 0,.

{HNvt}= {(tvh}, {pLv/I ) = 0,

{wvn + vn (pL + t2P/Sn) - (1 - X)HHv/4n } = 0,

where p, v, H -- density, velocity and magnetic field (indices n and t

relate to normal and tangential components); X =(Pu-- p1)4_/R2 (Pl1, --

pressure along the field); w =.l/2[3pl + pv2 + (1 - A)H2/4rr] -- energy

density; the shaped brackets indicate that the difference in values along

both sides of' the front is- used.

In the future we will. be interested in. discontinuities with a non-zero

mass flux and constant. density-. In normal. magnetohydrodynamics, rotating

discontinuities are single discontinuities satisfying the noted limits of flux

and density ['8] and they may therefore be arbitrarily cal.led anisotropic

discontinuities with .,.{f--zv,i and pi'- P2'-- anisotropic. rotating

discont.inuities.. The conditions of (1) in this case are somewhat simplified

_{.Ha} =: 0, piv p. , 0 P. = P: ' = P, - vn. v (2)-

.{P Ht1 t8x + XJ ,,/4l O,_ C2aj

4(-f/4n) = ,C.Zb

i = {p£ _=__tV>-. -" (2zc)

, a 0, (Z)

7 tw~ + V. (pL@ + r2/8)- -- .)- .4fHv/_4n} =, .

Eliminating 'vt I from ('Zb)' and (Zc), we oFtain.

- --_.- ___-_____- _ _.

a. nji{ 1 1 i . (3.

I'f it is albowed that cP I 2= L 2 then due ti: (2) and (d.) we have

i = Hi
. and Hlt = H2t' and on the basis of (2a-) p 1. -= P211'. In sum, (3)' will

take the. form .............................. , (
[0vIH;.- (t - X)/,41t] {t}.) =. 0o,.



and inasmuch as {Ht } $ 0, movement velocity about such a discontinuity along

the plasma

* -TH,' [(1 - L)/4-/p]. (5)

A discontinuity with the noted properties is taken in [7] as an example of an

anisotropic rotating discontinuity. This discontinuity, due to {H
t
} ¢ 0 and

the continuity-of H allows an arbitrary jump of direction H
t

-- rotation of

the field around H during passage through the discontinuity. In this manner
n

the behavior of a field at this discontinuity is the same as at an isotropic

rotating discontinuity, but velocity of propagation somewhat differs (in the

isotropic case, X = 0 and v
n
=tHn/(4p)/2 ) In the general.

case however, if Pi 
'

P2pL , then in accordance with (2) and (2d),

H
I
l H2 , Hit # H2 t and (3)- describes a new type of anisotropic rotating

discontinuity with essentially different behavior of the magnetic field. Thus,

in a general case, from (3) we have

'~,, ... ap-- ( - X,) H J:... (26')
. _ 2 . ( )

4:11pv,2--·(1-2)h I H I.X

which is to say H2 t and Hit are colinear and the field does not experience

voluntary rotation but changes according to an absolute value and direction,

always remaining in a. plane perpendicuIar to the front and constituting HI1 Z2

If the multiplier before: Htl in (6)1 is less than zero, the direction of the

tangential component of the fi.el.d changes by 180' during passage through the

di's continuity.

from C3)- we. have the movement velocity of the discontinuity. along

the- pIasma

n[ - 49(E (1E i~~~~hr~t~p (17

3:.



which with A = A = X gives the case selected in [7], and with X = 01 2 1 2

leads to the expression for velocity of an isotropic rotating discontinuity [8].

This property of anisotropic rotating discontinuities should be considered

during interpretation of solar wind discontinuities. Usually, information on

H, v, concentrations of n and effective temperatures of protons T are
P

published. It is interesting that even according to these data, some observed dis-

continuities manifest the inherent signs of anisotropic rotating discontinuities. We

will show that 10 out of 11 (see table) "large discontinuities in velocity"

observed on "Expl.orer-34" in 1,967 [9] may relate to rotating discontinuities.

The noted discontinuities are not shock waves according to the character of

change in v or n or Tp, depending on the actual case. The central changes

in velocity eliminate the possibility of their interpretation as contact

discontinuities. (The author [9] interprets these discontinuities as tangential

ones.) Besides this, it has become apparent that they satisfy tf-e specific

conditions fbr rotating discontinuities connectingjumps in vt with a jump

in H
t .

Thus, from (2) we have {xt}= {{It}vJtZ},-

wher e v is determined by (7).. The first measurements [4-61 show that the

degree; of anisotropia of' plasma. pressure in: the cosmic surroundings of Earth

p l/pT usually comprise 1-2.. In- the limit for the solar wind with almost

isotropic pressure. from (7) we have vn I / C4p) 1 2. ' Inasmuch as the.. -

reviewed data does not contain information on.. pressure components, we evaluate

jumps- in velocity of the discontinuities according to 

gt - VI A-.V t (Rt2 -H t/4 nt A v (Ht 2 - H td/f4p. (8)
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where the latter expression is accomplished in the form of (6)-- colinearity

of Htl and Ht2 for anisotropic rotating discontinuities.

In the solar eclipse coordinates, rotation behind the front v2 = vl + Avt

according to the module is equal to

v2 = [(- v1 cos + + tA Vt) 2 + (v1 sin + mtA t)2 + (njtAv)2 1'/z, (9)

where for evaluation, vl has been taken as directed radially from the sun,

B X 4° is the angle of aberration of the wind; guiding cosines of magnetic

field disturbance [2] h= H
2

- H
1

are equal to

t = (H212 - H11)/A, mt = (H2m2 - Hlml)/A, nt = (H2 n2 - H1 nO/A, (I0)
A = [(H212 - HI1).2 (H2m2 -- Hm)2 + (Hn2 - H1 n1 ) 2]11h, 

1,2 = coS 01,2 COS p1,2, mn, 2 = cos 01, sin P1,2, nl,2 sin 01,2

(., ~ -- angles determining orientation of 'Hl 2 in the solar ec.lipse

coordinates).

The results of computation of. v2 according to (8)-(10) on. the basis

of the initial data H1 ,21, .2' ~1,2' Vl' nl are presented in the table

(designation of v 2*) from which it is evident' that computations. in 10 cases

out of II give increases or decreases in flux velocity during passage through

the discontinuity in correspondance with what was registered by the plasma

detector and computed v
2
* and. observed. v

Z
values of' velo.city behind the

front agree among themselves sufficiently well. This agreement of calculations:

with the experiment, i.e. that velocity of the. studied discontinuities changes-

in the same 'way- that it must change on rotating discontinities:,.- supports the

proposition that 10- out of II- discontinuities, are discontinuities. of the:

rotating- type. Only for the; discontinuity of 2Z' September at 2000- hours:. Ur

is there a divergence between the calculations and the experiment, which forces

this discontinuity into the category of tangential discontinuities, as was done

in. [91.
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It is interesting that the time investigated above for leaps in v t

and Ht, characteristic for rotating discontinuities is sufficiently clearly

expressed qualitatively during preliminary review of the material as a depen-

dency of the difference Av = - v-l on c2 (see the table and Fig. 1, with

T on'the figure corresponding to a tangential discontinuity). If ~2 lies

in the second quadrant (h is directed from the sun), Av is greater than zero.

When 2 is in the fourth quadrant (h is directed toward the sun), Av is

less than zero. We note that for tangential discontinuities, jumps in flux

velocity and magnetic field are not interconnected and a probability of attaining

the indicated distribution of signs for Av according..to ~2 ina randomly selected

series of 11 tangential discontinuities is equal to only approximately 2 - 10- 3

k m/s .C-
12-v=d- vz

- v , KHIC/ce

6U -

40 -

/29 Z.g410 1f.O 
1~~~~~ A£

-40 

-A

.s.

Fig. 1.

xs ' 1 ev

Fi.g. Z

Variation- in the direction of'flux velocity during the transfer from

vI to v2 may take place in a rotating discontinuity, The. investigated data

represents some possibility of experimental checking of this proposition. We

7
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evaluate the variations in directions v in the supposition that they are

caused by rotating discontinuities (uncertainty of the knowledge of the direction

of vl, 2 have little effect on these evaluations). The orientation of v2 is

approximately determined by the angles

V .sin + tata, ,A
pv, arc tg - 0tA' , = are sin (1)- VI.Cos P+ bLXVi V2

and variations in the direction of v during passage through the discontinuity

A cP0 L'(SO -(10), aX 0 o (12)

The results of computations of A v and Aev are presented in the table. In

the experiment [9], the plasma detector allowed determination of only the

location of Qv at one or another azimuthal sector of widths AX = 22.5° and

also the sin of the variation Ay according to loss of the flux in one of:

the sectors and appearance in another, i.e. possibilities for determining the

direction of v and its variations were extremely limited. With the. help of

such an arrangement, changes in the total of 2 discontinuities out of 1.I were

registered!: ion 6 December at 0106 hrs and 0900 hrs UT,, the disappearance of

the flux in sector 10 and its appearance in sector 9 were observed, which

corresponds to variations. Av > 0 during passage through the discontinuity.

The calculated values of Aft of these discontinuities (table) were equal

to +8 and +tI., i..e. coincided according to signwith the observedl variations.

For 4 discontinuities (30 October at 1955 hrs, O0 November at 2205 hrs:,. IT

November at 05-51 hrs,. 6 December at. 1137 hrs) variations of Ah, -O, to -Z,.

i..e.. were practically not present. And finally, for the, remaining dis-continuitiets,

a rather high probability existed that sin A V would not be registered by the

8



detector (a change in sectors would not occur), since A4
v

< 22.50. Therefore,

the existent data on the direction of v and its variations agrees with the

results of calculations on variations in the direction of v which were

accomplished in the supposition that these variations were caused by rotating

discontinuities. The methodology in determining standards for anisotropic

rotating discontinuities is the s,ame as for that determining shock waves [2].

Their orientation (corresponding cases are designated by letters in the table

and Fig. 2) are essentially different from the determined [9] (~n' E ' in
n -n

the table) in the supposition that the reviewed discontinuities are essentially

tangential. Out of 10 discontinuities, 5 have the mark of an anisotropic

rotating discontinuity' -- the module of H changes during passage through the

front by -0.2 to 2 y, which are outside the limits of measuring error.. This

property of rotating discontinuities should be considered during interpretation

of solar wind discontinuities, since otherwise this problem is approached from

the position of isotropic magnetohydrodynamics, which took place in [9; i

identification of rotating discontinuities would be made essentially more

difficult.

I thank V.P. Shabanskiy, I.I. Alekseyev, L.F:. Burlaga, V.B. Baranov,

N.V. Mikerina, A.P. Kropotkin,. Yu.M.. Nikolayev,. P.D. Khedson, A.D. Shevnin

and A.R. Shister for their interest in the work and evaluation, and VM..

Tresh.chetkina for help wi.th the computations. '
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